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(57) Ttie method of casting of the present invention 
ie capable of malting volume of a feeder head (16) can 
be small and making cooling rate of the feeder head (1 6) 
can be ea&ily made lower than that of a cavity (1 2b). The 
method is executed In a casting machine (1 0), which In- 
cludes a casting die (12). In which the feeder head (1 6) 
is provided between a metal Inlet (12a) and the cavity 
(12b) and In which heat insulating of the feeder head 
(1 6) ts greater than that of the cavity ^^ 2b) «o as to make 



cooling rale of the feeder head (16) lower than that o1 
the cavity (12b). The method comprises the steps of: 
pouring a molten metal into the cavity (12b); reacting the 
molten metal on a deoxicfizing compound in the cavity 
(12b) so as to deoxKlize an oxide film formed on a sur- 
face of the molten metal: and supplementing the molten 
metal In the feeder head (16) to the cavity {12b) when 
the molten metal In the cavity (12b) is solidified and 
shrinked. 
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Description 

[0001] ThQ present Invention relates to a method oi 
casting and a casUng machine, more precisely relates 
to a method oT casting and a casting machine, In each 5 
of which a rnoften metal is poured into a cavJty of a cast- 
ing did so as to cast a product having a prescribed 
shape. 

[O0O2] Many kinds ot ways of aluminium casting. For 
example, gravity casting has some advantages: simple io 
casting dies, high quality products, etc. 
[0003] The casting die of the gravity casting is shown 
In Fig. 10 In Fig. 10, the casting die 100 is made of a 
metal. The casting die 100 is a spiittable ti e constituted 
. t»ya1owerdiel02aandanupperdiQi02b.Acavityl04, 
In which a product having a prescribed shape is cast, is 
fomned by the lower die 102a and the upper die 102b. 
[0004] The upper die 1 02b Includes: a metai inlet 106. 
from which a molien metal, e.g.^ a molten aluminium^ a 
molten aluminium »lloy. is poured Into the cavity 104; a 
feeder head lOB provided between the metal Inlet 106 
and the cavity 104; and air ventilation hoies 110, from 
which air in thccavjty 1 04 is discharged when the molten 
metal is poured into the cavity 1 04. 

[0Q05] When the molten aluminium or aluminum alloy ss 
is solidified, Its volume is reduced about 3 % due to 
shrinkage. The shrinkage of the solidifiec metal in the 
cavity occurs a surface sink, etc. In the cast product. In 
the casting die 100 shown in Fig. 10, a gap, which Is 
formed in the cavity 104bytheshrinl<age the solidified so 
metal, is filled with a part of the nrolten metal in the feed- 
er head 108. so that the defect, e.g.. the surface sink, 
can be prevented. 

[0006] Surface tension of the molten aluminium or 
aluminium alloy Is made greater by an oxide film formed 
on a surface of the molten aluminium oraluminium alloy. 
Therefore, fluidity and running property of the molten 
aluminium or aluminium alloy are low, and smoothness 
of a surface of the product is also low. To solve these 
disadvantages, inner faces of the feeder head 1 08 and 40 
the cavity 104 of the casting die 100 shown In Fig. lo 
are coated with lubricant so as to Improve the fluidity 
and the running property of the molten metal whose sur- 
face is covered with the otide film. 
[0007] When the product is cast by the casting die 1 oo ^5 
shown in Fig. 10, the molten aluminum or afuminium al- 
loy Is poured into the metal inlet 1 06 of the casting die 
1 00. The cavity 1 04 and the feeder head 1 08 are filled 
with the molten aluminium oraluimlnlum alloy with dis- 
charging the air from the air ventilation holes no. so 
[0008] Next, the casting die 1 00, in which the molten 
metal has been f itled, is cooled so as to solidify the mot- 
ten metal in ih© cavity 104. By the solldifscalion of the 
molten metal in the cavity 104, the solid/fied metal is 
shrinked and the geip is formed In the cavity 104, but the 55 
gap in the cavity 104 is filled with the molten metal sup- 
plied from the feeder head 1 06. 
[0009] However, in the conventional method of alu- 
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minium casting shown in Fig. 1 0, the inner faces of the 
feeder head 1 0a and the cavity 1 04 must be coated wlih 
the lubricant so as to Improve the fluidity and the running 
property of the molten metal whose surface is covered 
with the oxide film. But, it is very difficult for Inexperi- 
enced workers to define coating portions and to uniform- 
ly form coating layers. Therefor©, surface defects of cast 
products, e.g., rough surfaces, cannot be avoided. 
[0010] The inventors of the present invention invented 
and filed an improved method of a luminum casting (Jap- 
anese Patent Application No. 2000-108078), in which 
aluminium products having good and smooth surfaces 
can be cast without coating any lubricant. 
[0011] The Improved method will be explained with 
reference to Fig. 11. Firstly, a magnesium nitride com- 
P9und (Mg3N2), which is an example of deoxidizing 
compounds, is Introduced into the cavity 104 of the cast- 
ing die 100, then the molten aluminium oraluminium al- 
loy is poured therein. 

[0012J In the Improved method, the deoxidizing com- 
pound Is previously existed in the cavity 1 04 of the cast- 
ing die 1 00, so that the oxide film formed on the surface 
of the molten aluminium or aluminium alloy can be do- 
oxidized and tho surface tension of the molten alumini- 
um or aluminium alloy can be made lower. By deoxidiz- 
ing or removing the oxide film, the fluidity and the run- 
ning property of the molten metal can be irrproved. so 
that surfaces of the cast products can be smooth and 
can have good external surfaces. 
[0013] The feeder head 108 shown in Fig. 10 or 11 is 
capable of filling the gap, which is fomied In the cavity 
104 when the solidified metal is shrinked, with the mol- 
ten metal. Therefore, ai least a part of the molten metal 
in the feeder head 108 must have enough fluidity, even 
if the molten metal in the cavity 104 is solidified. 
[0014] Namely, sdlidif^ng speed of the motten metai 
in the feeder head 108 must be lower than that of the 
molten metal in the cavity 1 04. Thus, cooling rate of the 
feeder head must be lower than that of the cavity. To 
make the difference of the cooling rate, the feeder head 
108 is formed into, for example, a pillar shape having 
broad traverse sectional area. By the pillar-shaped feed- 
er head 1 08. the molten metal In the feeder head 1 08 is 
not easily cooled. 

[0015] However, the solidified metal In the feeder 
head 108 Is a disused part, so It will be removed from 
the product. If the solidified metal in the feeder head 1 08 
is reused. It must be molten and energy must be con- 
sumed. 

[0016] Therefore, the pillar-shaped feeder head 106, 
which has broad traverse sectional area, has greater 
volume, ©0 yield of casting material must be lower and 
energy consumption for reuse must be greater. 
[0017J It would bo desirable to be abl© to provide a 
method Of casting, in which volume of a feeder head can 
be small and cooling rate of the feeder head can be eas- 
ily made lower than that of a cavity, and a casting ma- 
chine, which is capable of executing the method of the 
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present Inventfon. 

[0018] The Inventors have found thai: In their Im- 
proved method shown in Fig. 11. the deoxidizing com- 
pound existed In the cavity 104 of the casting die 100 
deoxidizes the oxide film on the surface of the molten 
meal. &q the molten metal has high fluidity on the inner 
face of the cavity 104, which Is not coated with the lu- 
bricant; and the cooling rate of the molten metai In the 
cavity 104, whose Inner face I& coated with no lubricant, 
Is greater than that of the molten metal in the cavity, 
whoso inner face l8 coated wcth the lubricant. 
[0019] To make a difference of heat Insulating be- 
tween the feeder head 1 08 and the cavity 1 04 which are 
made qf the same material, an Inner face of the feeder 
head 1 08 is coated with the lubricant, and an inner face 
of the cavity 1 04 Is coated with no lubricant, so that the 
heat Insulating of the feeder head 10& can be made 
greater than that of the cavity 104. 
10020] Wtlh Ihls structure, the cooDng rale of the feed- 
er head 1 08 can be lower than that of cavity 1 04, so that 
solidification speed of the molten metal In the feeder 
head 1 0B can be slower than that of the molten metal in 
the cavity 1 04. Then, the inventors reached the present 
invention. 

[0021] The method of casting of the present invention 
Is executed In a casting machine including a casting die, 
In which afeeder head Is provided between a metal inlet 
and a cavity and In which heat insulating of the feeder 
head ts greater than that of the cavity so as to make 
cooling rate of the feeder head lower than that of the 
cavity, and 

aaid method comprises the steps of: 

pouring a molten metal Into the cavity; 
reacting The molten metal on a deoxidizing com- 
pound in the cavity so as to deoxidize an oxide film 
formed on a surface of the molten metal; and 
supplementing the molten metal in the feeder head 
to the cavity when the molten metal In the cavity is 
solidified and shrinked. 

[0022] On the other hand, the casting machine of the 
present invention comprises a casting die. which In^ 

eludes: 

a metaJ Inlet, from which a molten metal Is poured 
into the casting die; 

a cavity, In which the molten metal is solidified so 
as to cast a product; and 

afeeder head being provided between the metal In- 
let and the cavity, in which heat Insulating of the 
feeder head is greater than that of tho cavity so as 
to make cooling rate of the feeder head bwer than 

that of the cavity, 

wherein the molten metal is reacted on a deoxidiz- 
ing compound in the cavity so as to deoxidize an 
oxide film formed on a surface of the molten metaK 
and 
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the molten metaJ in the feeder head is supplement- 
ed to the cavity when the molten metal In.the cavity 
is solidified and shrinked. 

9 [0023] In the present invention, the molten metal is 
reacted on the deoxidizing compound in the cavity of the 
casting die, and the oxide film formed on the surface of 
the molten metal can be deoxidized, so that the Muldiiy 
of ih© molten metal can be higher &nd the product can 

10 be cast In Ihe cavity, whose inner face is opposed. 
Therefore, the lubricant, which improves the fluidity of 
the molten mstgi whose surface Is covered with the ox- 
ide fUm. Is not required. 

[0024] The lubricant usually has heat insulating, so 

^5 heat-radiating property of the cavity, whose inner face 
te coated with the lubricant, is made lower. On the other 
hand, in the present invention, the molten metal is rilled 
in the cavity, whose Inner face is coated with no lubri- 
cant, the heat-radialmg properly can be highly Im- 

so proved. Therefore* the heat-radiaiing property of the 
cavity of the casting die of the present invention can be 
easily made high, and tho heat insulating of the feeder 
head can be easily made greater than that of the cavity 
by coating the inner face of the feeder head with the heat 

2s insulating lubricant. 

[0025] Despite the feeder head is made small, the 
heat insulating of the feeder head can be greater than 
that of the cavity, the cooling rate of the feeder head can 
bo made lower than that of the cavity, a difference of the 

^0 cooling rate between the molten metal in the feeder 
head and the molten metal in the cavity can be greater, 
and a difference of soiidifk^atk^n speed there between 
can be made. 

[0026] Embodiments of the present invention will now 
55 be descrilied by way of examples and with reference to 
the accompanying drawings, in which: 

Fig. 1 is an explanation view showing an outline of 
an embodiment of the casting machine of the 
^ present invention: 

Fig. 2A is a sectional view of a casting die of the 

casting machine shown In Fig. 1 ; 

Fig. 2B is a partial sectional view of a casting die of 

the casting machine shown In Ftg. 1 ; 

Fig. 3 A is a graph showing temperature of a feeder 

head and a cavity of the casting macfiine shown In 

Fig. 1; 

Fig. 3B is a graph showing temperature of the feed- 
er head and the cavity of the conventional casting 

so machine; 

Fig. 4 Is a graph showing a relationship between 
cooling rate of a molten aluminium end a clearance 
between dendrites of eolidtfled aluminium; 
Figs. 5-7 are sectional views of other examples of 

5S the casting die; 

Fig. 8 Is an explanation vIgw showing an outline of 

an example of a cooling unit; 

Fig. 9 is an explanation view showing an outline of 
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another example of the cooMng unit: 

Fig. 10 Is a sectfonal view of the casting die of the 

conventional casting machine; and 

Fig. 11 is an explanation view showing the method 

of casting, which has been invented by the Inventor s 

of the present invention. 

[0027] Preferred embodiments of the present inven- 
tion win now be described In detail with reference to the 
accompanying drawings. ro 
[0028] An outline of a casting machine of en embod- 
iment is shown in Fig. 1. in Fig. 1 , the casting machine 
10 has e casting die 12, The casting die 12hasfimGtal 
Inlet 12a, from which a molten metal, e.g.. aluminium, 
aluminium aiioy, is poured, and a cavity i2b. which is 
communicated to the metal Jnlet I2a. The casting die 12 
Includes a lower die 1 4a and an upper die 1 4b. Metals, 
which respectively constitute the lower and upper dies 
14a and 14b, are exposed In inner races of the cavity 
12b. £0 
[0029] The casting die 12 is connected to a nitrogen 
cylinder 20 by a pipe 22. By opening a valve 2^ of the 
pipe 22 » a nitrogen gas is introduced Into the cavity 125 
via a nitrogen gas inlet 12d, &o that the cavity 12b is 
filled with the nitrogen gas and non-oxygen atmosphere 
is produced therein. 

[0030] An argon gas cylinder 25 is connected to a fur- 
nace 28. in which a metallic gas fs generated, vie a pipe 
26. By opening a waive 30 of the pipe 26, an argon gas 
is Introduced Into the f urnaoe 28. An Inner space of the so 
furnace 28 Is heated by heaters 32 until reaching tem- 
perature of 800**C or more so as to sublime magnesium 
powders. By subliming the magnesium pov/ders, a mag- 
nesium gas is generated as the metallic gas. 
[0031] Amount of the argon gas, which is introduced ^ 
into the furnace 28, can be controlled by adjusting the 
valve 30. 

[0032] The argon gas cylinder 26 rs connected to a 
tank 36. in which the magnesium powders are stored, 
via a pipe 34. to which a valve 33 is provided. The tank 40 
36 is connected to the pipe 26 via a pipe 3B. A connect- 
ing point of the pipes 26 and 38 is located on the furnace 
28 side with respect to the valve 30. A valve 40 is pro- 
vided to the pipe 38. The furnace 28 is connected to a 
metallic gas Inlet 1 2c of the casting die 1 2 via a pipe 42. 4$ 
The metallic gas, which has been generated in the fur- 
nace 2B Is Introduced into the cavity 1 2b via the metallic 
gas inlet 1 2c. A valve 45 is provided to tho pipe 42, 
[0033] When the argon gas Is Introduced from the ar- 
gon gas cylinder 25 to the cavity 1 2b of the casting die so 
12 via the furnace 28, amount of the argon gas, whioh 
is Introduced into the cavity 12b, can bo controlled by 
adjusting the valve 48. 

[0034] As shown in Fig, 2 A, the casting die 12 shown 
in Fig. 1 isaspltttabledie and constituted by the metallic ss 
lower die 14a, the metallic upper die 14a and an adapter 
1 8, which is made of baked calcium sulfate. The cavity 
1 2, in which a product having a prescribed shape Is cast. 



15 formed by inner fRces of the lower and upper dies 14a 
and 14b. 

[0035] In the adapter 18. a metal path 21 and a feeder 
head 1 6. which introduce the molten metal from the mct- 
aJ inlet 12a to the cavity 12b, are formed between the 
metal Inlet 12a and the cavity 12b. Preferably, trans- 
verse sectional area of the feeder head 16 is broader 
than that of the path 21 , and volume of the feeder head 

16 Is 5-20 % of volume of the cavity 12b. 

[0036] A metallic gas path 23, whose upper end Is the 
metallic gas inlei 12c. is communicated to the path 21. 
[0037] Air ventilation holes 25. which are capable of 
discharging air from the cavity 12b. ere fonned in the 
adapter 1 8 and the upper die 1 4b. Nitrogen gas paths 
27, Which is capable of introducing the nitrogen gas Into 
the cavity I2b, are formed in the lower die 12a. 
[0038] As shown In Fig, 2B. a sectional shape of each 
air ventilation hole 25 or each nitrogen gas path 27 Is a 
circular shape, and a pillar-shaped member 31, whose 
sectional shape is a rectangular shape, is Inserted 
therein. With this structure, dome-shaped paths 29 are 
formed and communicated to the cavity 12b. 
[0039] in the casting die 12 shown in Figs. 1 '2B, the 
adapter 1 8. which is made of the baked calcium sulfate, 
includes the metal inlet 1 2a. the metal path 21 , the me- 
tallic gas inlet 21c. the metallic gas path 23 and parts of 
the air ventilation holes 25. The path 21 , etc, are ar- 
ranged on the basis of a shape of the cavity 12b, posi- 
tions of ejector pins (not shown) for electing the cast 
product, etc.. By forming the path 21 , etc. In the adapter 
IS. they can be easily designed. 
[0040] The adapter 1 8 may be made of a metallic ma- 
terial as well as the lower and the upper dies 14a and 
14b. in the present embodiment, the adapter 18 Is made 
of the baked calcium sulfate, so the metal path 21 . etc. 
can be formed easily.' 

[0041] In the casting die 12 shown In Figs, 1-26, heat 
insulating of the feeder head 1 6 is greater than that of 
the cavity I2b. Namely, a heat insulating treatment, e, 
g.. ooating heat insulating lubricant, is executed on an 
inner face of the feeder head 1 6; the inner faces of the 
cavity 12b. which are constituted by the lower and the 
upper dies 1 4a and 1 4b, are not treated, and metal faces 
are exposed. 

[0042] Conventionally, the heat insulating lubricant Is 
usually used to coat the inner races of the cavity, and It 
Includes a high adiabalic material, e.g., ceramic. In the 
present embodiment, the conventionaJ heat insulating 
lubricant is employed to coat the inner face of the feeder 
head 16. 

[0043] By making the heat Insulating of the feeder 
head 1 6 greater than that of the cavity 1 2b, cooling rate 
of the molten metal in the feeder head 1 6 can b© easily 
made lower than that of the molten metal in the cavity 
12b, so that a great difference of the cooling rate can be 
mako between the leader head 16 and the cavity 12b 
(see Fig. 3A). In Fig. 3A. a point "A- is temperature of 
the molten metal, which is poured into the casting die 
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1 2; a point "B" Is temperature of perfectly solidifying the 
molten metal. Therefore, the molten metaf in the feeder 
head 16 can effectively flit the cavity 12b in a hatched 
temperature zone. 

[0044] On the other hand, in the conventional casting 
die iCO shown in Fig. 10, the Inner faces of the feeder 
head 108 and the cavity 104 are coated with the heat 
insulating lubricant, and thickness of the lubricant on the 
feeder head 1 08 Is thicker than that on the cavity 1 04, 
so that the cooling rate of the molten metal rn the feeder 
head 108 can be made lower than that of the molten 
metal in the cavity 104 as shown In Fig. 3B. 
[0045] However, as shown in Fig. 3B, the difference 
of the cooling rate In the casting die 1 00 is small, so the 
molten metal in the leader head 108 cannot effectively 
fill the cavity 1 04. The hatched effective temperature 
zone Is narrow. 

[0046] As shown in Fig. 3A, in the casting die 13 of 
the present embodiment, the difference of the cooling 
rat9 Is greater than that of the conventional casting die 

100 (see Fig. 3B), and the effective temperature ^one 

15 also broader. Therefore, a difference of solidification 
speed between the molten metal in the feeder head 16 
and the molten metal in the cavity 12b can be made. 
Namely, time lag can be made between sofldiflcation of 
thQ molten metal in the feeder head 16 and thet of the 
molten metal In the cavity 12b. 

[0047] To make enough time lag between the solidifi- 
cation of the molten metel in the feeder head 16 and that 
of the molten metal In the cavity 12b as shown In Fig. 
3A, the cooling rate of the molten metal In the cavity 1 2b 
is SOO*C/min. or more (preferably, 700*C/min. or more); 
the cooling rate of the molten metal In the feeder head 

1 6 is less than 500'C/mIn. (preferably, less than 300'C/ 
min ). Preferably, the difference between the cooling 
rate of the both is adjusted to 200*C/min. or more. 
[0048] Experiments were executed. In the experi- 
ments, a molten aluminium Is used as the molten metal, 
and cooling rate of the molten metal in the feeder head 
16 and the cavity 12b were varied. Samples of the so- 
lidified aluminum, which were taken from the feeder 
head 1 6 and the cavity 1 2b. were observed by a micro- 
scope and cle^nces between dendrites of the sam- 
ples were measured. The results are shown in Fig. 4. In 
Fig. 4, the horizontal axis Indicates the cooling rate; the 
vertical exis indicates "DASH value" of the cleararjce be- 
tween the dendrites. 

[0049] As cleahy shown in Fig. 4, an average clear- 
ance between the dendrites, which are solidified in the 
cavity 12b with the cooling rate of 500*C/mln. or more, 
is less than 25|x m; an average clearance between the 
dendriteSt which are solidified in the feeder head 16 with 
the cooling rate of tees than soo'^C/min., is 25^ m or 
more. 

[0050] if theciearance between the dendrites is small, 
the solidified aluminium has a close-crystal structure, so 
that the cast aluminium product has greater toughness. 
Therefore, the preferable clearance between the den- 



drite of the aluminium in the cavity I2b is less than 23 
p m, more preferably less than 20|ji m. 
[0051] Note that, the clearance between the dendrite 
of the aluminium In the feeder head 1 6 1$ wider than that 
5 in the cavity 12b. Therefore, toughness of the aluminium 
In the feeder head 1 6 rs lower than thai In Ih© cavity 1 2b, 
but it will be removed from the cast product as a disused 
part, so no problem will be occurred. 
[0052] When an aJuminlum product is cast In the cast- 
10 ing machine 10 shown in Figs. 1-2B, firstly the valve 24 
Is opened so as to introduce the nitrogen gas from the 
nitrogen gas cylinder 20 to the cavity 12b of the casting 
die 12 via the pipe 22. By introducing the nitrogen gas, 
air in the cavity 1 2b can be purged therefrom. The air in 
the cavity 12b is discharged fromthe afr ventilation holes 
25, so that a nitrogen atmosphere , which is a substantisi 
non-oxygen atmosphere, can be produced in the cavity 
12b. Then, the valve 24 is orce closed. 
[0OS3) While the air In the cavity 12b of the casling die 
12 is purged, the vah^e 30 Is opened so as to introduce 
the argon gas from the argon gas cyllnde- 20 to the fur- 
nace 28. With this action, a non-oxygen atmosphere is 
produced In the fumace 28. 

[00S4] Next, the vah/o 30 Is dosed and the valve 40 
is opened so as to introduce the magnesium powders 
38, which have been stored In the tank 38, into the fur- 
nace 28 together with the pressurized argon gas. The 
furnace has been heated to 800*0 or more, by the heat- 
ers 32, so as to sublime the magnesium powders. 
Therefore, the magnesium powders introduced in the 
fumace 28 are sublimed, and the magnesium gas is pro- 
duced, 

[0055] Then, the valve 40 is closed and the valves 30 
and 45 are opened so as to introduce the magnesium 
gas Into the cavity 12b via ths pipe 42, the metafile gas 
inlet I2c of the casting die 1 2, the metallic gas path 23, 
the metal path 21 and the feeder head 16 together with 
the argon gas, whose pressure and amount of flow are 
controlled. 

[0066] After the magnesium gas In Intmduced in the 
cavity I2b, the valve 45 is closed and the valve 24 is 
opened so as to Introduce the nitrogen gas Into the cav- 
ity 12b via the nitrogen gas inlet 12d and the paths 27. 
By introducing the nitrogen gas into the casting die 12, 
the magnesium gas is reacted on the nitrogen gas In the 
cavily 12b, so that a magriesium nitride compound 
(MggNg) can be produced. The magnesium nllride com- 
pound (Mg3N2) is deposited on the inner faces of the 
cavity 1 2b as powders. 

[0057] When the nitrogen gas Is introduced into the 
cavity 12b, pressure and amount of flow of the nitrogen 
gas are properly adjusted. To easily react the magnesi- 
um gas on ths nitrogen gas. the nitrogen gas may be 
preheated so as to maintain th e temperature of the cast- 
ing die 12. Preferable time of reacting the gases Is 5-90 
sec. more preferably 15-60 sec. 
[0058] While the magnesium nitride compound is 
stuck on the inner laces of the cavity 12b, the molten 
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aluminium is poured Into the cavity vra ths metal rnlet 
12a. The molten aluminium is Introduced Into the cavity 
12b via the metal path 21 and the feeder heed 16. The 
molten motal is continuously pourod until the path 21 
and the feeder head 16 are tilled with the molten alu- 
minium. 

[0059] The molten aluminium rn the cavity 12b con- 
tacts the magnesium nitride compound stuck on the In- 
ner laces of the cavity 12b. so thai the magnesium ni- 
tride compound removes oxygen from the oxide film 
formed on the surface of the molten aluminium. By re- 
moving the oxygen, the surface of the molten metal can 
be deoxidized, and the product can be cast with pure 
aluminum. 

[0060] Further, oxygen left in the cavity 1 2b reacts on 
the magnesium nitride compound, so that magnesium 
oxide or magnesium hydroxide Is produced. The mag- 
nesium oxide or the magnesium hydroxide will be in^ 
volved in the molten aluminium. The magnesium oxide 
or the magnesium hydroxide is stable compound and its 
amount Is small, so it will not badly Influence the product. 
[0061] As described above, the magnesium nitride 
compound removes oxygen from the oxide film formetf 
on the surface of the molten aluminum and produces 
pure alumlunm, eo that the product can be oast without 
thQ oxide film. By removing the oxide film, the surface 
tension of the molten aluminium can be small, and the 
wettability, the fluidity and the running property of the 
molten aluminium can be Improved. Therefore, the flat 
and smooth Inner faces of the cavity 1 2b can be repro- 
duced on the surfaces of the cast products, namely the 
cast products have good external shape having no crin- 
kles and no surface detects. 

[0062] The morten metal In the foeder head 16 and 
the cavity I2b are cooled to solidify. In the present em- 
bodiment, the inner face of the feeder head 16 is coated 
with the heal insulating lubricant; the inner faces of the 
cavity 12b Is coated with no heat Insulating lubricant, 
and the metallic material, which constitutes the lower 
and the upper dies 14a and 14b, is exposed therein. 
With this structure, the cooling rate of the molten metal 
In the cavity 12b is greater than that in the feeder head 
1 6 (see Fig. 3A). Therefore, the molten metal in the cav- 
ity. 12b can be solidified earlier than thai In the feeder 
head 16. 

[0063] When the molten metal in the cavity 12b is so- 
lidified, the solidified metal is shrinked so that a gap is 
fomied in the cavity 12b and located close to the feeder 
head 1 6. On the other hand, the cooling rate In the feed- 
er head 16 is less than thal In the cavJty 12b, eo the 
molten metal \& still left in the feeder head 1 6. Then, the 
molten metal left fills tho gap fn the cavity 12b, so that 
the good product having no surface defects, e.g., sur- 
face sink, can be cast. 

[00S4J Further, the lubricant for improving the fluidity 
of the moJiGp metal, whose surface is covered with the 
oxide film, is not applied to the Inner faces of the cavity 
12b. so the surfaces of the product can be made very 
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smooth. 

[0065] Since the inner fece of the feeder head 1 6 with 
the lubricant, the cooling rate of the feeder head 1 6 can 
be less than that of the cavity 1 2b, so enough time lag 

9 can be made between the solidification of the molten 
metal in the feeder head 1 6 and that In the cavity I2b, 
and the volume of the feeder head 16 can be smaller. 
Therefore: the disused part of the cast product, which is 
formed Into the pillar-shape and will be removed from 

^0 the product, can be smaller, yield of the molten metal 
can be improved, and energy oonsumption can be re- 
duced. 

[0066] In the casting die 12 shewn In Figs, 1-2B. the 
molten metal in th© feeder head 1 6 is imroduced Into the 
'5 . cavity I2b by gravity. Tne molten metal may be compul- 
sorily exerted. For example, as shown in Fig. 2A, the 
adapter 18 of the casting die 12 is detachably attached 
to the upper die 1 4b. Wnen the nvslten metal in the cavity 
1 2b is solrdified. theadapter 18 is detached and the mol- 

so ten metal lo the feeder head 16 is compulsorlly pressed. 
With this press action, the molten metal is exerted to fill 
the cavity 12b, so Wiat the good product having no sur- 
face defects, e.g.. surface sink, can be securely cast. 
[0067] The molten metal in the fecde r head 1 6 should 

25 be pressed when the molten metal in the cavity 12b is 
substantially solidified and tho molten metal In th© feed- 
er head 16 stlM has enough fluidity. The best timing of 
pressing the molten metal In the feeder head 16 de- 
pends on design© of the casting dies, eo the best timing 

30 of the casting die 1 2 should be previously known by ex- 
periments. 

[0068] A piston 35 (see Fig. 6), which is capable of 
moving in the vertical direction, may be used as means 
for pressing the molten metal In the feeder head 16. 

36 [0069] In the casting die 12 shown in Figs. 1-2B and 
5, the feeder head 16 is fomned in the upper die 14b. 
The solidified metal In the feeder head 1 6 is the disused 
part and will be removed from the product, so the feeder 
. head 1 5 may be formed rn other parts of the casting die 

^0 12. For example, the feeder head 1 6 may be fonnGd by 
the adapter 18, which is made of the baked calcium sul- 
fate, and the upper die 14b. In this case, heat conduc- 
tivity of thB adapter ie is lower than that of the metallic 
lower die I4b. Namely, the adapter 18 has high heat in- • 
suiating. so volume of the adapter 16 in the adapter 18 
Is greater than that of the other pan oi the feeder heed 
16 In the upper die 14b (see Fig. 6). Wllh this structure, 
the heat insulating of the feeder head 1 6 can be made 
greater than that of the cavity 12b, which is formed in 

w the tower and the upper dies 14a and 1 4b, without ap- 
plying the heat Insulating lubricant on the inner faces of 
the feeder head 16. 

[0070] When th'e molten metal in the food^r head 16 
is pressed as shown in Rg. 5, an heat insulating plate 
55 37 (see Fig. 7), whose heat conductivity is lower than 
that of thG metallic dies 14a and 14b, may be provided 
between the adapter 18 and the upper die 14b. In this 
case , the feeder head 1 6 is formed by the h eat Insulating 
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piaia 37 and the upper die 14b. 
[0071] The heat Insulating plate 37 can be detached 
(rom the adapter 16» and the Insulating piate 37 can be 
detached from the upper die 1 4b. Wrth this structure, the 
adaptor 1 8 is detached and the molten metal in the feed- 
er h(?ad 16 can be pressed by the pressing means, e. 
g., the piston 35 (see Fig. 5), whon the molten metal In 
the cavity 12b is solidified. 

[0072] The heat Insulating plate 37 may be made of 
baked calcium sulfate. As shown In Fig. 7, volume of a 
part of the feederhead 16 formed in the plate 37 is great- 
er than thet of the other part of the feeder head 16 
formed in the upper die 14b. With this structure, the heat 
insulating of the feeder head 16 can be made greater 
than that of the cavity 1 2b. which is formed in the metafile 
dies I4a and 14b, without applying the heat insulating 
lubricant on the Inner faces of the feeder head 16. 
[0073] In the casting die 1 2 shown In Figs. i -2B and 
5-7^ the adapter 18 and the heai insulating pate 37 are 
made of the baked calcium sulfate, but they may be 
mado of metals or ceramics. 

[0074] Note that, In the case of employing The metallic 
adapter IB or the metallic plate 37, In which the feeder 
head 16 is substantially formed^ tho innor face of the 
feeder head id coated with the heat insulating lubricant 
so as to make the heat insulating of the feeder head 1 6 
greater than that of the cavity 12b. 
[0075] As shown m Fig. 7, the fumace 28 shown in 
Fig. 1 may be provided Immediately above the metafile 
gas Inlet 12c of the casting die 12. In another case, a 
reaction chamber 39, In which the magnesium gas, 
which Is an example of the metallic gas, is reacted on 
the nitrogen gas, which is an example of ih© reacting 
gas. so as to produce the magnesium nitride compound 
{l^ggNg), which l8 an exannpie of the deoxidizing com- 
pound, may be provided immediately above the metallic 
gas inlet 12c of the casting die 12. 
[0076] Whan the aluminium product is ca&t in the cast- 
ing die 12 shown in Figs. 1-7, temperature of the inner 
faces of the cavity 12b is lower than 320*^0, which Is 
temperature of the Inner faces of the cavity of the con- 
ventional casting die. In the present invention, the tem- 
perature of the Inner faces of the cavity I2b is main- 
tained less than 30t)*C while casting, preferably less 
than 230^*0, more preferably Jess than 200*^0. 
[O077] By making the temperature of the Inner faoes 
of the cavity 12b of the casting die 12 lower, the casting 
machine of the present invention has many advantages: 
the cooling rate of the molten metal can be made higher; 
the molten metal can be uniformly soiidified; the volume 
of the feeder head 16 can be reduced; tough products 
oan be oast; cycle time of casting can be shorter; casting 
etflclency'can bo improved; and life span of the casting 
die can be longer. 

[O078] If the temperature of the inner faces of the cav- 
ity 12b Is higher than the prescribed temperature, the 
casting die 12 should be compulsorily cooled. For ex- 
ample, the casting die 12 can be cooled by a cooiing 



unit 47 shown In Fig. 8. The cooling unit 47 Includes wa- 
ter jackets 12e, which is provided to the casting die 12 
and in which water or oil is circulated. The temperature 
of the casting die 12 is measured by proper means, e. 
5 g., a thermocouple, and the cooling unit 47 Is driven 
when the measured temperature Is higher than the pre- 
scribed temperature so as to maintain the temperature 
of the casting dio 12 in a predetermined temperature 
range. 

[0079J In the case of compulsorily cooling the casting 
die 12, the lowest temperature of the inner faces of the 
cavity 12b is not limited, so It may be the room temper- 
ature, Preferably, the temperature range is defined so 
as to economicaliy operating the cooling unit 47. 
[0080] If the temperature of tho innerf ace$ of the cav- 
ity 1 2b Is higher than the prescribed temperature In spite 
of employing the cooling unit 47 shown in Fig. 8, cold 
water, which have been cooled by a cooler 64 (see Fig. 
9) maybecirculaLed rn the water Jackets 12e. In the cool- 
ing unit 47 shown In Fig. 9, the cold water is once res* 
ervoired in a tank 60 and circulated in the water jackets 
12e by a pump 62. The water in the tank 60 is cooled 
by the cooler 64, whose structure is publicly known. In 
some cases, the cooler 64 cools to temperature of -25 
"C, so antifreezing solution is employed Instead of wa- 
ter. 

[0081] By employing the cooling unit 47 shown In Fig. 
9, the temperature of the inner faces of the cavity 12b 
can be maintained lower than the room temperature, so 
that the solidification of the molten metal in the cavity 
12b of the casting die 12 can be accelerated and crystal 
structures, e.g., dendrites, of the solidified metal are 
made finer. Further, the molten metal is rapidly cooled, 
so that the crystal structures are made close and com- 
pact and hardness of the cast products can be im- 
proved. 

[0082] The invention may be embodied In other spe- 
cific forms without departing from the spirit or essential 
characteristics thereof. The present embodiments are 
therefore to be considered In all respects as Illustrative 
and not restrictive, the scope of the invention being In- 
dicated by the appended claims rather than by the fore- 
going description and ail changes which come within the 
meaning and range of equivalency of the claims are 
therefore intended to be embraced therein. 



Claims 

1, A method of casting in a casting machine (10) In- 
cluding a casting die (12), in which a feeder head 
(16) is provided between a metal inlet (12a) and a 
cavity (1 2b) and In which heat insulating of the feed- 
er head (1 6) is greater than that of the cavity (I2b) 
so as to make cooling rate of the feeder head (16) 
lower than that of the cavity (1 2b). said method be- 
ing characterized by the steps of: 
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pouring a mojten metal Into the cavity (I2b); 
reacting the molten metal on a deoxicflzing 
compound In the cavity (1 2b) so as to deoxidize 
an oxide film f onned on a surface of the molten 
metaf: and 

supplementing the molten metal in the feeder 
head (1 6) to the cavity (I2b) when the molten 
metal In the cavity (I2b) Is solidified and 
shrini<ed. 

2< The method according to claim 1 , 

wherein the cooling rate of the cavity (I2b) is 
600 °C/min. or more, and 
the cooling r^te of the feeder head (1 6) is less 
than 600 *C/min„ 

3. The method according to claim 1 or claim 2. 

wherein the molten metaJ Is aluminium or alu- 
mfnlum aiioy, 

the cooling rate of the molten metal In the cavity 
(12b) is adjusted to make average clearance 
between dendrites of solidified aluminium or 
aluminium alloy in the cavity (l^b) fess than 
25}i m. and 

the cooling rate of the molten metal in the feed- 
er head (1 6) is adjusted to make average claar- 
anoe between dendrites of solidified aluminium 
or aluminium alloy in the feeder head (1 a) 25 
m or more. 

4. The method according to any one of claims 1 to 3, 

wherein an inner face of the feeder head (1 6) 
Is coated with heat insulating lubricant, and 
an inner face of the cavity (1 2b) is coated with 
no heat insulating lubricant. 

5. The method according to any one of claims 1 to 4, 

wherein heat insulating of a material of the 
casting dia (12), which forms the feeder head (1 6), 
is greater than that of a materia! of th© casting die 
(12), which fonrn the cavity (12b). 



6. the method according to any one of claims 1 to 5, 

wherein temperature of an inner face of the 
cavity (12b) is les$ than SOO'C while casting, 

7. The method according to any one of claims 1 to 6, 

wherein an inner face of the cavity (12b} is 
compulsoriiy cootod by oooiing moans (47). 

8. The mathod according to any one of claims 1 to 7, 

wherein an adapter {1 8) of the casting die (15) 
is detachably attached to a cavity part (14a, 14b) of 
the casting dio (12). 
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9. The method according to any one claims 1 to 8, 

wherein an adapter (18) of the casting die (12) 
includes: the feeder head (16): a first path (21) for 
Introducing the molten metal to the feeder head 
(16); and a second path (23) for introducing a ma- 
terial of the dooxidlzing compound to the cavity 
(12b) so as to form the deoxidizing compound In the 
cavity (12b). 

10. The method according to any one of claims 1 to 9, 

wherein the molten metal Is aluminium or alu- 
minium alloy, and 

the deoxidizing compound is a magnesium nl- 
trifle compound, which is formed by reacting a 
magnesium gas on a nitrogen gas. 

11. A casting machine, 

comprising a casting die, which Includes: 

a metal inlet (12a), from which a molten metaf 
is poured into said casting die (12); 
a cavity (12b), In which the molten metal Is so- 
lidified so ae to oast a product; and 
a feeder head (16) being provided betwcsan 
said metal inlet (I2a) and said cavity (12b), In 
which heat insulating of the feeder head (16) is 
greater than that of said cavity (T2b) so as to 
make cooling rate of said feeder head (16) low- 
er than that of said cavity (12b), 

characterized In that the mofien metai is re- 
acted on a deoxidi;iing compound in eaid cavity 
(12b) so as to deoxidize an oxide film formed on a 
surface of the molten metal, and 

the molten metaf in said feeder head (16) Is 
supplemented to safd cavity (I2b) wh>en the molten 
metal in said cavity (12b) is solidified and shrinked. 

12. The casting machine according to claim 11 , 

wlierein the cooling rate of the cavity (12b) Is 
SOO'C/min. or more, and 
the cooling rate of the feeder head (16) Is less 
than SOO'CVhiln.. 

13. The casting machine according to claim 11 or claim 

wherein the molten meet Is aluminium or alu- 
minium alloy, 

the oooiing rate of The moiton metal in said cav- 
ity (12b) is adjusted to make average els aranca 
between dendrites of solidified aluminium or 
aiumfnium alloy in said cavity (12b) less than 
25jx m, and 

the cooling rate of the molten metal in said feed- 
er head (1 6) fa adjusted to make average ctear- 
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ance between dendrites of solidified aluminium 
or aiumlnium alloy In said feeder head (1 6) 25^ 
m or more. 

14. The casting machine according to any one of claims s 
11 to 13, 

wherein an Inner face of said feeder head (16) 
is coated with heat insulating Jubricant, and 
an i nner face of said cavrty (1 2Jo) is coated with io 
no heat Insufating lubricant. 

1 5. The casting machine according to any one of claims 
11 to 14. 

wherein heat insulating of a material of said 
casting die, wh^ch forms said feeder head (16), is 
greater than that of a material of said casting die, 
which forms said cavity (12b). 

16. The casting machine according to any one of claims ^ 
11 to 15, 

further comprising means (47) for compulso- 
rily eooiin^ an inner face of said cavity (12b), 

17. The casting machine according to anyone of claims 
11 to 16, 

wherein an adapter (IB) of said casting die 
(12) is detachably attached to a cavity part (14a. 
14b) of said easting die (12). 

3Q 

1 8. The casting machine according to any one of claims 
11 to 17. 

wherein an adapter (18) of said casting die 
(12) includes: said feeder head (1 6): a first path (21) 
for introducing the moiten metal to said feeder head 35 
(1 6); end a second path (23) for Introducing a ma- 
terial of the deoxidizing compound to said cavity 
(12b) so as to form the deoxidizing compound in 
said cavity (12b). 

40 

19. The casting machine according to any one of claims 
11 to 18. 

wherein volume of said feeder head (16) is 
5-20 % of volume of said cavity (1 2b). 

45 
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